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Introduction c-Met (Kochhar and Iyer, 1996) and EphB1 (Stein et al., 1998) . In addition, mammalian Nck binds through its Neurons form precise patterns of connections that emerge SH3 domains to proteins such as Pak and Prk2, which through the interaction between the growth cone and in turn bind to and are activated by Rho family GTPases extracellular signals in the developing nervous system.
(McCarty, 1998). As a step toward understanding how Guidance receptors detect short-and long-range sigDock regulates downstream effectors, we set out to nals and activate specific intracellular signal transduccritically assess the function of a Drosophila homolog tion pathways that control growth cone motility (reof one of these, Pak (p21-activated kinase), in R cell viewed in Tessier-Lavigne and Goodman, 1996). These axon guidance. signals can act in a graded fashion as either attractants Paks are evolutionarily conserved regulators of the or repellents (e.g. Figure 1B) . The N-terminal to the deficiency were isolated. These were then tested region of Pak interacts strongly with LexA-Dock. Conagainst the same deficiency chromosome bearing a versely, LexA-Dock did not interact with Pak N-terminal Pak-containing cosmid. The cosmid rescued 21 mutafragments containing point mutations in which arginine tions. These fell into two groups based on complementa-14 was changed to methionine (R14M) or proline 9 was tion tests. A Pak cDNA expressed under the control of changed to leucine (P9L).
the heat shock promoter rescued the lethality associTo assess whether these proteins can associate in ated with one complementation group, indicating that vivo, immunoprecipitation experiments were carried out these mutations disrupted Pak function. These alleles in Drosophila S2 cells ( Figure 1C cell axons extend into the brain normally. However, the medulla neuropil uniformly, indicating that these prothese fibers do not spread evenly within the lamina and teins are expressed on many visual system fibers. Since medulla. As a result, some regions are hyperinnervated the R7 and R8 axons only contribute a small fraction of while others lack innervation. In the medulla neuropil, R the total number of fibers in the medulla, it is not possible cell axons fail to find their proper targets but instead, to assess whether Pak and Dock are coexpressed in terminate as thick, blunt-ended fascicles. Hence, in conthese axons ( Figure 2B ). In contrast, at this stage in trast to wild type, Pak mutant R cells do not elaborate development, the vast majority of the processes in the a smooth topographic map in the lamina and medulla lamina neuropil belong to R cells, including the exneuropils. A small fraction of the R2-R5 neurons project panded R1-R6 growth cones and axons of R7 and R8 through the lamina and into the medulla as assessed ( Figures 2B and 2C) . Hence, Pak, like Dock, preferentially using the Ro-lacZ tau marker (data not shown; Garrity et al., 1999), indicating a modest disruption in ganglion localizes to axons and growth cones. Figure 6D ). This leads to hyperinnervated regions separated by areas lacking innervation in both the lamina and medulla. In addition to disrupting targeting, R cell axon terminals in the medulla are thick and blunt ended. The dock phenotype was substantially 
R cell differentiation was assessed in toluidine blue-stained sections of adult eye (A and D). An R cell body and rhabdomere are indicated by the arrow and arrowhead, respectively. R cell innervation of the target region induces lamina neuron and glial cell differentiation (see Salecker et al., 1998). These occur largely normally in Pak mutants. (B and E) R cell axons and growth cones, stained with mAb24B10 (green), signal precursor cells to express the pan-neuronal nuclear marker ELAV (red), visualized using 7E8A10. (C and F) R cell axons and growth cones (green) also induce glial cells to express a glial nuclear antigen, Repo (red). Brackets in (B

